Introduction

D
ementia is an umbrella term for several different conditions reflecting cognitive impairment, many of which occur comorbidly with one another. 1 Between 50 and 75% of patients who have dementia suffer from Alzheimer's disease (AD). 2 Strictly, AD cannot be absolutely diagnosed prior to death and without autopsy. 3 However, by clinical examination, neuroimaging and neuropsychological tests, physicians are able to achieve a clinically relevant diagnosis. 4 Although an important risk factor for AD is genetic background, only a minority of cases are soundly related to genetic factors. 5 Risk also increases with age, brain injury, presence of Down's syndrome and several lifestyle and environmental factors. 6 Dementia poses significant physical, financial, emotional and time-consuming burdens to the individual and his/her caretakers. Alzheimer's Disease International (ADI) estimates that in 2018, worldwide costs of dementia care and treatment will exceed one trillion U.S. dollars and is expected to double by 2030. 2 ADI also reports that almost 44 million people worldwide are currently living with AD or dementia.
From as early as gestation, the physical and social environment around a child can significantly impact later disease risk. Barker and Fall 7 described the relationship between intrauterine growth abnormalities and cardiovascular diseases later in life. Other lifecourse epidemiological research has linked childhood experiences with later-life adverse health outcomes and behaviours, such as binge drinking. 8 Childhood adversity, including parental abuse and socioeconomic disadvantage, has been linked to increased risk of early-onset cardiovascular disease and psychiatric disorders. 9 Studies have examined links between various social factors and dementia outcomes, including work by Orrell et al., 10 which showed that individuals with better support networks had improved survival, and Bennett et al., 11 demonstrating that education and social networks can impact cognition and neuropathology. Studies have begun to approach early-life exposures to stressful events as potential risk factors for dementia. Paternal death before a child is 15 years of age is associated with increased dementia risk, as is childhood trauma among aboriginal Australians. 12, 13 Others have found evidence suggesting that adverse life events are not associated with dementia risk.
14 Although there is a wealth of literature surrounding dementia, that which examines stressors and late-life dementia risk presents conflicting results. Still largely unexamined is the potential significance of childhood stress on AD. We examined associations of childhood stress with both dementia and AD outcomes using data from the Kuopio Ischemic Heart Disease Risk Factor (KIHD) Study.
Methods
Study population
The KIHD study began in 1984 with enrolment of 2682 men (a participation rate of 82.9% of individuals approached), recruited from 1984 to 1989 in the city of Kuopio and surrounding areas. Men were aged 42, 48, 54 or 60 years at baseline. With 1926 as the earliest birth year in the cohort, many are now considered elderly. KIHD study protocol was approved by the Kuopio University Hospital Ethics Committee. Participants voluntarily took part in the study and provided signed informed consent. Additional details regarding study population can be found in other KIHD publications.
15-17
Measurements and questionnaires
The KIHD study includes questionnaires consisting of items related to social environment, childhood characteristics and health habits. Childhood data also represent social disparities in education, income and housing. Questionnaires were administered at baseline (between 1984 and 1989) . The present study uses information from the childhood section, which includes years of education, parental details, neighbourhood characteristics and health status. We also use a childhood stress index, defined in greater detail below.
Childhood stress index
To examine the joint influence of multiple childhood variables, we created a childhood stress index, made up of the following selfreported variables: lived in custody or an orphanage (N = 64), experienced a crisis in childhood (N = 8), had problems with teachers (N = 21) and emigrated from Karelia due to war (N = 33). In 1944, over 400 000 people living in Karelia had to move from areas ceded to the Soviet Union to other parts of Finland; some of the men in the KIHD cohort were among those migrants when they were children. The childhood stress construct consisted of a fivepoint scale (0-4), with zero representing the presence of no childhood stress variables. The childhood stress construct was used in all subsequent analyses.
Identification of incident dementia and AD
Three national health registers were used to identify incident cases of dementia and AD in the KIHD cohort. ICD-8 code 290, ICD-9 codes 4378A and 290, and ICD-10 codes F00, F01, F02, F03, G30 and G31 were recorded from the hospital discharge and cause of death registers. 18, 19 These codes refer to the International Classification of Diseases maintained by the World Health Organization, and to its revised versions during the study period, that is, ICD-8, 9 and 10, respectively, and refer to symptoms and conditions consistent with a diagnosis of Alzheimer's disease or other dementias. The search covered the period from the beginning of 1984 to the end of 2014. From 1999 onward, diagnosis of AD was also recorded in the Special Reimbursement Register (SRR) of prescription drugs maintained by the Social Insurance Institution (SII) of Finland. SRR is often used as a clinical epidemiology data source for studies on specific chronic conditions, including the prevalence and incidence of AD. [20] [21] [22] [23] For a diagnosis of AD to be verified and recorded in the SRR, the following conditions must be met: the person has (i) symptoms consistent with AD, (ii) experienced a decrease in social capacity over a period of at least 3 months, (iii) received a CT or MRI scan, (iv) had possible alternative diagnoses excluded and (v) received confirmation of the diagnosis by a registered neurologist or geriatrician. Each medical certificate is then assessed by the SII to ensure that a patient meets the diagnostic criteria for AD of the Diagnostic and Statistical Manual Version IV (DSM-IV) 24 and NINCDS-ADRDA for AD. 25, 26 Persons with mixed dementias (AD/vascular and AD/Lewy body) are also recorded. The SRR data search covered the period from the beginning of 1999 to the end of 2014.
Statistical analysis
To account for possible confounders, risk factors, and elements of the causal pathway between dementia/AD and childhood stress, we included multiple covariates in analyses. Model 1 included age; model 2 included age and adulthood socioeconomic status (income and education); and model 3 included components of model 2 plus prior or existing diagnoses for ischemic heart disease (IHD), stroke and diabetes at baseline. Model 4 augments model 3 with systolic blood pressure, diastolic blood pressure, smoking status, leisure time physical activity, body mass index (BMI), waist-to-hip ratio, LDL cholesterol, hypercholesterolemia and total cholesterol, all measured at baseline. Income was based on previous year's tax returns and was categorized as low or medium/high.
Characteristics of the study population were summarized using proportions and means with standard deviation and range, summarized in table 1. Cox proportional hazard models were used to estimate the influence of childhood stress on developing dementia or receiving a diagnosis of AD later in life. Four separate models were run for both outcomes (all dementias or AD). Results were expressed as hazard ratios (HR) with 95% confidence intervals (CI); two-sided P-values < 0.05 were considered statistically significant. All analyses were completed using SPSS version 23 (IMB Corp.).
Results
Baseline characteristics
At baseline, study participants (N = 2682) had a mean age of 53.1, ranging from 42 to 61.3 years. More detailed characteristics of the study population distribution of dementia and AD diagnosis are shown in table 2. Average follow-up time for all participants was 22.2 years, ranging from 0.02 to 30.8 years. By the end of 2014, a total of 360 (13.4% of participants) incident cases of dementia were observed. Of these, 282 (10.5% of participants) were diagnosed with AD. The following analyses assess associations of childhood stress and covariates with all dementias as well as with AD alone. This allows for better examination of the effect these variables have on AD risk as well as risk of all dementias.
There was a statistically significant association of childhood stress with incident dementia (HR = 1.86, 95% CI: 1.12-3.10, P = 0.02), when adjusted for age at baseline (Model 1). The association with AD was marginally significant with a slightly smaller effect size (HR = 1.75, 95% CI: 0.96-3.21, P = 0.07). Table 3 provides detailed hazard ratios, confidence intervals and P-values for all models.
With further adjustments for adulthood socioeconomic status (education and personal income) in Model 2, the effect size of the relationship between childhood stress and incident dementia increased and remained statistically significant (HR = 1.95, 95% CI: 1.16-3.29, P = 0.01). The magnitude of the association with AD remained similar, near statistical significance (HR = 1.76, 95% CI: 0.94-3.32, P = 0.08).
Model 3, which included covariates used in Model 2 plus additional adjustment for prior or existing baseline diagnosis for IHD, stroke and/or diabetes, childhood stress was still statistically significantly associated with dementia diagnosis (HR = 1.93, 95% CI: 1.14-3.25, P = 0.01). Again, further adjustments did not attenuate the observed relationships, and the same was seen with the risk of AD (HR = 1.77, 95% CI: 0.94-3.35, P = 0.08).
Finally, model 4 included all prior covariates with the addition of systolic blood pressure, diastolic blood pressure, smoking status, leisure time physical activity, BMI, waist-to-hip ratio, LDL cholesterol, hypercholesterolemia and total cholesterol. Associations with both dementia (HR 1.86, 95% CI: 1.01-3.39, P = 0.04) and AD (HR 1.75, 95% CI: 0.85-3.59, P = 0.13) remained similar to those in model 3, although association with AD was not statistically significant.
Discussion
We found that childhood stress, indicated by childhood crisis, emigration from Karelia, experiencing problems with teachers, or living in custody or an orphanage, associated with increased risk of dementia of any type among Eastern Finnish men. Similar marginally significant relationships were observed with the risk of AD. For dementia, these associations remained statistically significant at the 95% confidence level after adjustment for age, education, income level, comorbid diseases (IHD, stroke and diabetes) and anthropomorphic indicators.
Observed relationships did not attenuate following adjustments to a set of known risk factors for dementia. Factors such as hypertension, smoking, obesity, metabolic disorders and lack of physical activity are not confounders with respect to childhood stress, but rather may be part of the causal pathway.
The origins of dementia may start early in childhood; such relationships have been documented in life-course studies with other chronic disease endpoints, such as cardiovascular disease, coronary heart disease and acute coronary events. 27 Previous research suggests that components of our childhood stress measure independently associate with adverse health outcomes, both physical and mental, which we have now shown to include dementia and AD risk. For example, Miller et al. 28 examined associations of children in orphanages and other adoptees and mental health problems. In this study, 28% of the individuals exhibited mental health disorders, 46% attention deficit hyperactivity disorder, and 50% behavioural symptoms. 28 Another study reinforced these findings through examination of the second component of our childhood stress measure: experiencing problems with teachers in school. Connor et al. 29 found that students who believed their teachers cared for them had fewer symptoms of anxiety and physical health problems that were stress-related than others, suggesting that positive relationships between students and teachers are beneficial for student well-being. Prior literature has also established associations between traumatic childhood events and adulthood disease. Baker et al., 7 using a sample of urban Mexican men and women, found that those who had experienced trauma or stressful events in childhood had increased adulthood symptoms of depression, muscular-skeletal problems and cardio-pulmonary problems. Men exposed to trauma in childhood had significantly higher rates of depression than their counterparts, and experiencing sexual violence in childhood was significantly related to all health outcomes. Others have found that childhood maltreatment has a significant influence on brain development and consequent psychiatric disorders. 30 Finally, the associations of immigration with health problems have also been examined in recent years, yielding similar results to those presented by our study. Berthold et al. 31 analyzed health outcomes of Cambodian immigrants and refugees living in the United States, reporting that 61% had diagnoses for three or more physical conditions, with an additional 73% reporting posttraumatic stress disorder, depression, or both. This study identified physical and mental stress related to refugee status and other studies have suggested further relationships between immigration status and physical/mental health outcomes. For example, Breslau et al. 32 examined mental and physical health status of Mexican migrants in the U.S., finding that they had higher rates of mental disorders than their U.S. counterparts and that migrant status and childhood family life played a significant and complex role in adult physical health status.
Study strengths and limitations
The KIHD study includes a large, population-based cohort that was not clinically selected that has a high participation rate (82.9%). Cases of dementia and AD were obtained through national health and prescription registries, which may have improved validity compared to self-reported diagnoses and avoids data loss with participant attrition. The analyses presented here control for many covariates and include multiple measures of association between childhood stress and dementia/AD outcomes. After adjustment for covariates, associations with dementia of any type remained statistically significant. Associations with AD were of similar magnitude but only marginally significant and in Model 4 were not near statistical significance, likely due to the lower number of AD cases. With a larger number of cases, these relationships may have been statistically significant. As such, we can infer that the relationship of childhood stress with dementia and AD is equally strong.
Finland has changed greatly since the early 1980s, when the KIHD study began, and even more so since the earliest birth year of participants (1926). These changes have been political, social and cultural. Therefore, components of our childhood stress index may not be as relevant in this region of Finland as they were in past years. However, the condition of the country in 1980 may be socially representative of other regions in the world today. In this case, it is likely that results from this study could be applicable to other populations. Additional research should analyze the associations of childhood stress with dementia and AD in other populations, specifically women and ethnically diverse populations. Eastern Finland, especially with the cohort in this study, is genetically homogenous. 33 This makes the results from the KIHD study easier to interpret in terms of genetic influence on health outcomes, but does not give a broad picture of potential genetic interactions with covariates and consequent implications for dementia/AD risk in other populations.
Although health data in the KIHD study were obtained from health professionals and health registries, thus decreasing the likelihood of low validity, retrospectively reported childhood characteristics may be subject to recall bias. However, there is no indication of selective memory loss in any one group of participants at the baseline of the study. Thus, we do not believe there is substantial evidence to support a selective recall bias regarding childhood data in this study.
Conclusions
With old age as the strongest identified risk factor for all forms of dementia, there may be an implication of senescence-related biological processes in disease risk. 6 This may reflect an accumulated burden of risk factors across lifespan, supporting a life-course epidemiological approach to dementia and AD aetiology as used in our study. The likely interaction of social and environmental processes and genetic susceptibility supports greater research in the area of early-life exposure to risk factors, given the large amount of literature already available pertaining to associations of genetic and/or mid-to late-life hazards and risk of dementia.
With the ever-growing global burden of dementia and AD, research analyzing associations of these outcomes with social, environmental and behavioural factors is essential for developing a greater understanding of the myriad influences on geriatric illnesses. Here, we demonstrated that childhood stress associates with increased risk of developing dementia or AD later in life among middle-aged and elderly Finnish men. Further research should examine such associations in other global populations, particularly among women and non-Europeans. A life-course epidemiological approach can help determine the complex ways in which childhood psychosocial factors affect dementia and AD risk.
